In this paper, we study the Cabibbo favored non-leptonic D 0 decays into K − π + decays. First we show that, within the Standard Model, the corresponding CP asymmetry is strongly suppressed and out of the experimental range even taking into account the large strong phases coming from final state Interactions. We show also that although new physics models with extra sequential generation can enhance the CP asymmetry by few orders of magnitude however the resulting CP asymmetry is still far from experimental range. The most sensitive New Physics Models to this CP asymmetry comes from no-manifest Left-Right models where a CP asymmetry up to 10% can be reached and general two Higgs models extension of SM where a CP asymmetry of order 10 −2 can be obtained without being in contradiction with the experimental constraints on these models.
I. INTRODUCTION
The Standard Model (SM) has been very successful in predicting and fitting all the experimental measurements up-to-date over energies ranging many orders of magnitude [1] .
Unfortunately the SM is only a patchwork where several sectors remain totally unconnected.
Flavor physics for example involves quark masses, mixings angles and CP violating phases appearing in the Cabibbo-Kobayashi-Maskawa (CKM) quarks mixing matrix [2, 3] . These parameters unavoidably have to be measured and are independent from parameters present in other sectors like Electroweak Symmetry breaking, Quantum Chromodynamics, etc. Other sectors remain to be tested like CP violation in the up-quarks sector and even tensions with experimental measurements remain to be cleared (see for instance refs. [4] [5] [6] [7] ). This is why it is important to find processes where the SM predictions are very well known and a simple measurement can show their discrepancy. One of these processes is the rare decays and other 'null' tests which correspond to an observable strictly equal to zero within SM. So any deviation from zero of these 'null' tests observables is a clear signal of Physics beyond SM. This is the case of Cabibbo-Favored (CF) and Double Cabibbo Suppressed (DCS) non-leptonic charm decays where the direct CP violation is very suppressed given that penguin diagrams are absent [8] [9] [10] .
Even with the observation of D 0 oscillation [11] [12] [13] [14] [15] [16] and the first signal of CP violation in D → 2π, 2K (Singly Cabibbo Suppressed (SCD) modes) [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , it is not clear that the SM [33] [34] [35] [36] [37] [38] [39] [40] [41] can describe correctly the CP violation in the up quarks sector. It is even more difficult as large distance contributions are important and difficult to be evaluated [42] [43] [44] [45] [46] .
From the point of view of New Physics (NP), CP violation in CF and DCS modes is an excellent opportunity given that it is very suppressed in the SM and it is not easy to find a NP model able to produce a reasonable CP violation signal. Thus measuring CP violation in these channels is a very clear signal of New Physics. 51] where x = 0 or/and y = 0 mean oscillations have been observed, while |q/p| = 1 and/or φ = 0 are necessary to have CP violation. The theoretical estimations of these parameters [1] are not easy as they have large uncertainties given that the c quark is not heavy enough to apply Heavy quark effective theory (HQE) (like in B physics) [47] . Similarly it is not light enough to use Chiral Perturbation Theory (CPTh) (like in Kaon physics). Besides there are cancellations due to the GIM mechanism [2, 48] . Theoretically CP violation in the charm sector is smaller than in the B and kaon sectors. This is due to a combination factors: CKM matrix elements (|V ub V * cb /V us V * cs | 2 ∼ 10 −6 ) and the fact that b quark mass is small compared to top mass. CP violation in the b-quark sector is due to the large top quark mass, while in the kaon is due to a combination of the charm and top quark.
Experimental data should be improved within the next years with LHCB [49] and the different Charm Factory project [50] . In table (I) the experimentally measured Branching ratios and CP asymmetries are given for different non-leptonic D decays.
In this paper, we study in details the CP asymmetry for the CF D 
with i =S, V and T for respectively scalar (S), vectorial (V) and tensorial (T) operators.
The Latin indexes a, b = L, R and q L, R = (1 ∓ γ 5 )q.
Within the SM, only two operators contribute to the effective hamiltonian for this process [8] [9] [10] . The other operators can only be generated through new physics.
where a 1 ≡ c 1 + c 2 /N c = 1.2 ± 0.1 and a 2 ≡ c 2 − c 1 /N C = −0.5 ± 0.1 [8] [9] [10] where N C is the color number. For the case D → Kπ [8] [9] [10] one has that
where BR is the Branching ratio of the process. K − π + can be expressed in the following way:
where f D and f K are the decay constants for D and K mesons respectively and F Interaction (FSI). In NFA, no strong CP conserving phases are obtained (and therefore no CPV is predicted) but it is well known that FSI effects are very important in these channels [52] [53] [54] [55] [56] . In principle you have many FSI contributions: resonances, other intermediate states, rescattering, and so on. Resonances are specially important in this region given that they are abundant. They can be included and seems to produce appropriate strong phases [56] . However the other contributions mentioned above have to be included too, rendering the theoretical prediction cumbersome. A more practical approach, although less predictive, is obtained by fitting the experimental data [52, 56] . This is the so called quark diagram approach. Within this approach, the amplitude is decomposed into parts corresponding to generic quark diagrams. The main contributions are the tree level quark contribution (T), exchange quark diagrams (E), color-suppressed quarks diagrams (C). Their results can be summarized in the following way, for the process under consideration [56] :
with T = (3.14 ± 0.06) · 10 −6 GeV E = 1.53
where in NFA they can be approximately written as
In the rest of this work we are going to use the values obtained by the experimental fit, given in eq. (10).
III. CP ASYMMETRY IN
In the case of CF (and DCF) processes the corrections are very small (see diagrams in fig.1 and fig.2 ) and are generated through box and di-penguin diagrams [57] [58] [59] . In this section, we shall evaluate these contributions. The box contribution is given as [59, 60] 
where
Numerically, one obtains
The 
where T a are the generator of SU(3) C . Numerically, p g ≃ −1.62 · e −0.002i and the Inami functions are given by
The operator O can be reduced as
where q 2 is the gluon momentum and N is the colour number. This expression can be simplified using the fact that
Once taking the expectation values, one obtains
Hence, one gets for the Wilson coefficients
0.07i (24) where to obtain the last result it has been used the fact that for the decay
, by assuming that p c ≃ p D and p u ≃ p π /2 and α S ≃ 0.3. It should be noticed that the box contribution is dominated by the heavy quarks while the penguin is by the light ones. The direct CP asymmetry is then
conserving phase which appears in eq. (10).
IV. NEW PHYSICS
With New Physics, the general Hamiltonian is not only given by O 1,2 . The expressions of the expectation values of these operators can be found in the appendix. It is important to notice that as expected only two form factors appear, namely χ
This is important to take into account the FSI interactions as the first one is identified as E contribution and the second one is identified as T contribution. In the next subsections, we shall calculate the Wilson coefficient for different models of New Physics. The first case will be assuming to have extra SM fermion family. The second example will be to compute the CP asymmetry generated by a new charged gauge boson as it appears for instance in models based on gauge group SU(2) L × SU(2) R × U(1) B−L and our last subsection is dedicated to the effects CP asymmetry coming from new charged Higgs-like scalar fields, applying to two
Higgs extension of the SM (type II and type III).
A. Contributions to A CP from extra SM fermion family A simple extension of the SM is the introduction of a new sequential generation of quarks and leptons (SM4). A fourth generation is not exclude by precision data [63] [64] [65] [66] [67] [68] [69] [70] . Recent reviews on consequences of a fourth generation can be found in [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] .
The B → Kπ CP asymmetries puzzles is easily solved by a fourth generation [82] [83] [84] with a mass within the following range [82] : 400 GeV <m u 4 < 600 GeV.
The value of SM4 parameters compatibles with the high precision LEP measurements [64] [65] [66] 69] are
where V is the CKM quark mixing matrix which is now a 4 × 4 unitary matrix. The direct search limits from LEPII and CDF [85] [86] [87] are given by: to exclude the SM4 scenario [94] but this results is based on the fact that once we include the next-to leading order electroweak corrections, the rate
is suppressed by more than 50% compared to the rate including only the leading order corrections [94] [95] [96] [97] [98] [99] . This could be a signal of a non-perturbative regime which in SM4
can be easily reached at this scale due to the fourth generation strong Yukawa couplings.
Therefore, direct and model-independent searches for fourth generation families at collider physics are still necessary to completely exclude the SM4 scenario.
The CP asymmetry in model with a fourth family is easy to compute as the contributions come from the same diagrams in the SM with just adding an extra
Similarly in ref. [90] , it has been found that new CKM matrix elements can be obtained (all consistent with zero and for m b ′ = 600 GeV) to be For a 4th sequential family the maxima value for the CP violation is obtained as
where one uses
This maximal value is obtained when the parameters mentioned above are varied in a the range allowed by the experiential constrains, according to eq. 30 in a 'three sigma' range. The phases are varied in the whole range, from −π to π. Thus one can obtain an enhancement of thousand that may be large but still very far from the experimental possibilities.
B. A new charged gauge boson as Left Right models
In this section, we shall look to see what could be the effect on the CP asymmetry coming from a new charged gauge boson coupled to quarks and leptons. As an example of such models, we apply our formalism to a well known extension of the Standard Model based on extending the SM gauge group including a gauge SU (2) 
where g L and g R are the gauge SU(2) L and SU(2) R couplings respectively. m W and m W R are the SU(2) L and SU(2) R charged gauge boson masses respectively. V R is the quark mixing matrix which appears in the right sector of the lagrangian similar to the CKM quark mixing matrix. This new contribution can enhance the SM prediction for the CP asymmetry but still it is suppressed due to the limit on M W R which has to be of order 2.3 TeV [119] in case of no-mixing Left right models.
In refs. [120, 125] it has been shown that the mixing between the left and the right gauge bosons can strongly enhance any CP violation in the Charm and muon sector. This LR mixing is restricted by deviation to non-unitarity of the CKM quark mixing matrix. The results were that the Left-Right (LR) mixing angle called ξ has to be smaller than 0.005 [121] and right scale M R bigger than 2.5 TeV [119] . If the Left-Right is not manifest (essentially that g R could be different from g L at Unification scale), the limit on M R scale is much less restrictive and the right gauge bosons could be as light as 0.3 TeV [122] . In such a case, ξ can be as large as 0.02 if large CP violation phases in the right sector are present [107] still compatible with experimental data [123] [124] [125] . Recently, precision measurement of the muon decay parameters done by TWIST collaboration [126, 127] put model independent limit on ξ to be smaller than 0.03 (taking g L = g R ). Let's now compute the effect of the LR mixing gauge boson on our CP asymmetry. So first, one defines the charged current mixing
where W 1 and W 2 are the mass eigenstates and ξ ∼ 10 −2 . Thus the charged currents interaction part become
where V = V CKM andV R = e iω V R . Once one integrates out the W 1 in the usual way and neglecting the W 2 contributions given its mass is much higher, one obtains the effective hamiltonian responsible of our process:
where α, β are color indices. It is easy to check that taking the limit ξ → 0, one obtains eq.(5) with the only difference comes from the c 2 terms, the Fierz transformation has been applied. The terms of the effective Hamiltonian proportional to ξ are:
The contribution to the amplitude proportional to ξ is then given by:
whereχ π + and χ D 0 are defined as
The CP asymmetry becomes
with r = E/T . For a value as large as ξ ∼ 10 −2 the asymmetry can be as large as 0.1. Also, we should notice that to obtain this results, it has been used the fact that the chiralities don't mix under strong interactions, if the quark masses are not taken into account. This is approximately the case in the evolution of the Wilson coefficients from m W to m c as the quark in the loop are the down quarks contrarily to process like b → sγ where the quarks in the QCD corrections are the up quarks and in that case, a strong effect from top quarks could be expected [128] [129] [130] [131] . In our case, as a first approximation, the QCD corrections to the Wilson coefficient coming from the running of the renormalization group from m W to m c can be safely neglected. 
where ǫ ab is the totally antisymmetric tensor, and ǫ 
Here v u and v d are the vacuum expectations values of the neutral component of the Higgs doublets, V is the CKM matrix and tanβ = v u /v d . Using the Feynman-rule given in Eq. (43) we can compute the effective Hamiltonian resulting from the tree level exchanging charged
Higgs diagram that governs the process under consideration namely,
where C H i are the Wilson coefficients obtained by perturbative QCD running from M H ± scale to the scale µ relevant for hadronic decay and Q H i are the relevant local operators at low energy scale µ ≃ m c . The operators can be written as
And the Wilson coefficients C H i , at the electroweak scale, are given by
We now discuss the experimental constraints on the ǫ ij terms will be so small as the CKM suppression will be of orders λ or λ 2 or higher and so we neglect them in our analysis. One of the important constraints that on ǫ q ij where q = d, u can be obtained by applying the naturalness criterion of 't Hooft to the quark masses. According to the naturalness criterion of 't Hooft, the smallness of a quantity is only natural if a symmetry is gained in the limit in which this quantity is zero [138] . Thus it is unnatural to have large accidental cancellations without a symmetry forcing these cancellations. Applying the naturalness criterion of 't Hooft to the quark masses in the 2HDM of type III we find that [138] which leads to
Clearly from the previous equation that ǫ In fact this conclusion can be seen from Eq. (47) and thus in our analysis we drop C Regarding D −D mixing one expects a similar situation like that in K −K about the dominance of top quark contribution. However due to the CKM suppression factors the top quark contribution will be smaller than the charm contribution.
D −D mixing constraints
We take into accounts only box diagram that contribute to D −D mixing mediated by exchanging strange quark and charged Higgs. Other contributions from box diagram mediated by down or bottom quarks and charged Higgs are suppressed by the CKM factors.
Since SM contribution to D −D mixing is very small we neglect its contribution and neglect its interference with charged Higgs mediation contribution. Thus effective Hamiltonian for this case can be written as:
where C i ,C i are the Wilson coefficients obtained by perturbative QCD running from M H scale to the scale µ relevant for hadronic decay and Q i ,Q i are the relevant local operators at low energy scale
where we drop color indices and the operatorsQ i can be obtained from Q i by changing the chirality L ↔ R. The Wilson coefficients C i , are given by
where x s = m 2 s /m 2 H ± and the integrals are defined as follows:
The Wilson coefficientsC i are given bỹ
Our set of operators Q 1 , Q 2 and Q 4 given in Eq.(51) are equivalent to their corresponding operators given in Refs. [139, 140] while the operatorsQ 1 andQ 2 are equivalent to Q 6 and Q 7 given in the same references respectively. Moreover Q 3 , given in Eq.(51), can be related to Q 5 in Refs. [139, 140] by Fierz identity. For the rest of the operators,Q 3 andQ 4 , they are equivalent to Q 5 and Q 4 in Refs. [139, 140] since their matrix elements are equal. Thus our Wilson coefficients can be subjected to the constraints given in Ref. [139, 140] and so we find that
the constraints onC 1 −C 4 are similar to those C 1 − C 4 . As can be seen from Eq. (55) the constraints on the Wilson coefficients will be strong for small charged Higgs masses. We can proceed now to derive the constraints on ǫ u 22 using the upper bound onC 2 for instance. Keeping terms corresponding to first order in λ where λ is the CKM parameter we find that, for m H ± = 300 GeV and tan β = 55 
While for m H ± = 300 GeV and tan β = 500 we find 
D q → τ ν constraints
The decay modes D q → τ ν where q = d or q = s can be generated in the SM at tree level via W boson mediation. Within the 2HDM of type III under consideration, the charged Higgs can mediate these decay modes at tree level also and hence the total branching ratios, following a similar notations in Ref. [138] , can be expressed as
Where we have used [141] 0|qγ
Where the SM Wilson coefficient is given by C 
with the vacuum expectation value v ≈ 174GeV and Γ LR(RL),H ± cq can be read from Eq. (44) .
Setting the charged Higgs contribution to zero and f Ds = 248 ± 2.5 MeV [142] , we find
is in close agreement with the results in Ref. [143] [144] [145] . The experimental values of these Branching ratios are given by B(D [147] . Keeping the terms that are proportional to the dominant CKM elements we find for q = d
While for q = s we find
Clearly from the last two equations, we need to consider the decay mode D inversely proportional to the square of m H ± and thus their contributions to B(D
become small for large m H ± which in turn make the constraints obtained are loose. Another remark from the figure is that the constraints become strong with the increasing of the value of tan β which is expected also from Eq.(61). This in contrast to the constraints derived by applying the naturalness criterion where we showed that the constraints become loose with the increasing of the value of tan β.
CP violation in Charged Higgs
The total amplitude including SM and charged Higgs contribution can be written as
with X
and χ π + and χ D 0 are previously defined as
The form of the amplitude, A, shows how charged Higgs contribution can affect only the short physics (Wilson coefficients) without any new effect on the long range physics (hadronic parameters). Thus strong phase will not be affected by including charged Higgs contributions while the weak phase will be affected. We can rewrite Eq.(65) in terms of the amplitudes T and E introduced before in the case of the SM as follows:
The CP asymmetry can be obtained using the relation
] and α E = Arg(χ E ). As an example let us take Re(ǫ We start by defining X
, where P i denotes a pseudoscalar meson, as follows
where ∆ . In terms of X P 1 P 2 P 3 we find that
Using Eq.(A2) we get
and for the scalar ones
where the Fierz's ordering has been used
